Fertility of captive flamingos varies between flocks, species and seasons. Individuating infertile eggs could be helpful to facilitate important decisions. Wild animals could be encouraged to abandon the nest or not, whereas in captivity removing non-viable egg would lead birds to lay a new one. The aim of this study was to investigate the parental behaviour of a pair of greater flamingos (Phoenicopterus roseus) in the presence of a fertile and an infertile egg. Data on the posture and behaviours of the pair on the nest were collected over two different periods: first period-an infertile egg was laid; second period-a fertile egg was laid. For each period, 28 ten-minute sessions per flamingo partner were run. Results revealed that female flamingo spent significantly more time standing on the nest in the first than in the second period (P = 0.010). Moreover, when standing on the nest, the female performed significantly more egg-care behaviour (attention to the egg, egg rotation/moving) in the first than in the second period (P = 0.010). No significant differences between periods emerged in the male flamingo posture on the nest and behaviours. Findings from this study suggest that female flamingos stand on the nest longer if the egg is infertile, paying more attention and examining it deeply. This study provides new insights into greater flamingo parent-embryo communication. Future research is needed to improve our knowledge on this topic, as well as on the husbandry of this species in the controlled environment.
in zoos. However, successful breeding occurs with flocks of more than 40 birds.
Fertility of captive flamingos varies between flocks, species and seasons. Egg production and incubation require a great time and energy investment in birds.
Individuating infertile eggs could therefore be helpful when decisions on whether or not to abandon the nest are needed [1] . Similarly, in captivity, the knowledge of egg fertility is useful to make informed decisions on the incubation process. For example, removing infertile or dummy eggs from the nest would encourage birds to lay further eggs, increasing their likelihood to breed successfully. In flamingos, pairs that laid an infertile first egg will often produce fertile second eggs [2] . Bird species, such as ostriches, are able to recognize infertile eggs and remove them from the clutch [3] . In addition, previous research suggested that odour cues of the egg provide information on the embryo development and may also be informative of the health status. Thus, egg odour might also be involved in fertility determination, mediating parental behaviour [1] .
Moreover, egg odours have been found to solicit the behaviour of the incubating bird, improving the quality of parental care [1] [4] . However, the literature on parent and developing embryo communication in birds is lacking and studies are needed [1] .
The aim of this study was to investigate the parental behaviour of a pair of greater flamingos (Phoenicopterus roseus) in the presence of a fertile and an infertile egg.
The current study was carried out as part of a project on parental care behaviour of captive greater flamingos, focusing on postures and behaviours of males and females during the incubation period. One of the study pairs of greater flamingos was observed incubating an egg that was subsequently found to be infertile. After the removal of the non-viable egg, the pair laid a second one. Thus, a further period of data collection was carried out, in order to investigate whether and how egg fertility might affect flamingo parental behaviour.
Materials & Methods

Study Subjects and Area
The study was carried out with a pair of greater flamingo hosted in a flock of 110 individuals of different age, 53 females and 57 males, housed at Parco Natura Viva-Garda Zoological Park in Italy. Data were collected during 2014 greater flamingo breeding season. The enclosure had an area of 1100 m 2 and was mainly made of a water pond with two islands, used by the flamingos to build their nest mounds and rear the chicks. The basal structure of the nest mound was built by humans, whereas flamingo pairs completed the nest construction. The greater flamingo diet was made of a specific pellet composed of cereals, vegetables, oils and fats, algae, shellfish, vitamins and mineral salts.
Flamingos were identified through a ring on one leg. The ring differed in colour and letters (three-letter combination). The study pair, the female PCF (red) and the male KUA (white), were monogamous since 2008 and both flamingos were over 20 years old.
Data Collection and Analysis
The observation of the greater flamingo pair was carried out in 2014, during the peak of the breeding activity, specifically at the time of egg incubation. The pair was observed during two different periods: in the first period, the egg incubated by the pair was infertile, whereas the egg laid in the second period was fertile.
The infertile egg was laid on March, 6 th and removed from the nest on April, 4 th (after the usual flamingo incubation period expired), to encourage the pair to lay a new egg [2] . The second egg was laid on April, 17 th and hatched successfully on A single-case analysis was performed to compare data of each flamingo partner between the two periods [11] [12] and non-parametric statistic tests were used [13] . In particular, the Wilcoxon test was carried out to compare the duration of different postures and behaviours performed on the nest of the male and the female between the two periods. Significance level was set at P < 0.05. The values in brackets in the result section are mean duration ± SD in seconds.
Results
Flamingo parents could stay either on the nest (sitting or standing) or out of the nest. In the first period, the female flamingo spent 61% of the total observation time sitting on the nest, 10% standing on the nest and 29% out of the nest (Figure 1 ). The male flamingo spent 72% of the total observation time out of the nest, 27% sitting on the nest and 1% standing on the nest (Figure 2 ). In the second period, the female flamingo spent 63% of the total observation time sitting on the nest, 1% standing on the nest and 36% out of the nest ( Figure  1 ). The male flamingo spent 64% of the total observation time out of the nest, 33% sitting on the nest and 3% standing on the nest (Figure 2 ).
Postures on the nest
Wilcoxon test revealed no significant difference in the time spent on the nest (regardless of standing or sitting) between the first (female: 857.36 ± 453.12; male: 342.64 ± 453.12) and the second period (female: 771.43 ± 435.76; male:
428.57 ± 435.76) (Z = −0.690, P = 0.490, both sexes). While on the nest, female and male flamingos could be standing or sitting.
The Wilcoxon test revealed that the female spent more time standing in the first period (124.5 ± 148.18) than in the second period (8.50 ± 29.05) (Z = −2.578, P = 0.010), whereas no differences emerged for sitting between the first (732.86 ± 401.55) and the second period (762.93 ± 427.65) (Z = −0.559, P = 0.576) ( Figure   1 ). For the male, no significant differences emerged for both standing (first period: 17.14 ± 38.23; second period: 33.93 ± 93.98) (Z = −0.105, P = 0.917) and sitting (first period: 325.50 ± 424.25; second period: 394.64 ± 387.31) (Z = −0.654, P = 0.513).
Behaviours performed standing on the nest When standing on the nest, the female performed significantly more agonistic behaviour, self-comfort behaviour and egg-care in the first than in the second period ( Table 1 , Figure 1 ). No significant differences were reported for any behavioural category performed by the male (Table 2) .
When considering each egg-care related behaviour separately, the female performed significantly more attention to the egg (Z = −2.490, P = 0.013) and egg rotation/moving (Z = −2.095, P = 0.036) in the first than in the second period (Table 1) . On the other hand, the Wilcoxon test revealed no significant differences between the two periods for the male in both attention to the egg and egg-rotation/moving (P > 0.05, Table 2 ).
Behaviours Performed Sitting on the Nest
When flamingo partners were sitting on the nest, no significant differences in any behavioural category (agonistic behaviour, incubation, nest-building and self-comfort behaviour) between the two periods were found for both the female (Table 1 , Figure 1 ) and the male ( Table 2 ) (P > 0.05). 
Discussion and Conclusion
The literature on parent and developing embryo communication in birds is still lacking [1] . This study aimed at investigating the presence of differences in the parental behaviour of a pair of greater flamingo in the presence of an infertile and a fertile egg. First, species-specific parental behaviours, such as egg-care, comfort behaviour, nest-building and protection [2] [7] [8] [9] [10] were found in the first and in the second period in both the female and male flamingos, suggesting an overall good welfare and wilderness of the subjects [14] . Second, the behaviour of the female flamingo varied significantly between the two periods and this variability might occur based on egg fertility. This study focused both on the posture of the flamingos on the nest and the behaviours that were performed. Regarding the flamingo partner posture, both the female and male partner spent approximately the same amount of time on the nest in the first and in the second period. However, the female spent significantly more time standing on the nest (not incubating the egg) in the first period, when the egg was infertile, than in the second period. No significant differences emerged for the male. When standing on the nest, study flamingos performed agonistic behaviours toward conspecifics, self-comfort behaviour and, importantly, egg-care related behaviours. All these behaviours were performed significantly more by the female in the first than in the second period, suggesting an effect of egg fertility on female flamingo behaviour. Particularly concerning egg-care related behaviour, the female paid more attention and looked at the egg for a significantly longer time when it was non-viable. Similarly, the female interacted significantly more with the infertile egg of the first period, rotating or moving it to a greater extent than in the second period. No significant differences emerged between the two periods for the male flamingo, suggesting that egg fertility seems to affect only the behaviour of the female. On the other hand, when both female and male flamingos were sitting on the nest, no significant differences were observed between the two periods in any of the behaviours performed.
Results from this study underline that the presence of a non-viable egg led female flamingo to stand on the nest for a longer time, presumably to better examine and give more attention to the egg. To our knowledge, this is the first study aimed at investigating the effect of egg fertility on the greater flamingo pa- 
